UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England : 
STUDENT NUMBER: 


UNIT CODE: MTHS110 

PAPER TITLE: Quantitative Skills with Applications 

PAPER NUMBER: First and Only 

DATE: Tuesday 11 June 2019 TIME: 9:15 am to 11:30 am 
TIME ALLOWED: = ‘2 hours and 15 minutes 

NUMBER OF PAGES IN PAPER: _ FIVE (5) 

NUMBER OF QUESTIONS ON PAPER: _ FIVE (5) 

NUMBER OF QUESTIONS TO BE ANSWERED: FIVE (5) 


STATIONERY 3 6 PAGE ANSWER BOOKS | 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: | 0 GRAPH PAPER SHEETS | 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NONE 
CALCULATORS: PERMITTED (APPROVED MODELS ONLY) 


TEXTBOOKS OR NOTES: THREE DOUBLE SIDED A4 PAGES OF 
HANDWRITTEN NOTES ARE PERMITTED 
INSTRUCTIONS FOR CANDIDATES: 
e Candidates MAY NOT start writing until instructed to do so by the supervisor 
e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 
e Candidates MUST write their name and student number on the top of this page 
e Answer ALL questions in the answer books provided 
e All questions are worth 12 marks each 
e This examination paper MUST BE HANDED IN along with all supplied stationery. 
Failure to do so will result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 
THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 


PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


MTHS110 Exam Trimester 1, 2019 


Question 1 [12 Marks] 


(a) Evaluate the function: 


rio) ={ 2 forz>0 


x? forr <0 


fore 2S] and f=". 


(b) Determine the (natural) domains of the functions given by the formulas below and 


provide rationale for each of your answers. 


(i) g(x) = In(1 — 2?) 


(ii) ) = a +2? 


(c) Determine the inverse of the function given by f(x) = —2r? + 1. 


(d) Consider the quadratic function given by f(x) = $a? — 2x +1. 


(i) Determine if the graph of y = 5a" — 2% + 1 is concave up or concave down, 


providing a reason with your answer. 


(ii) Re-write the equation of the quadratic function f(#) = 32? — 2% + 1 in the 


standard form f(x) = a(x —h)?+k by completing the square. Hence determine 
the vertex of the graph of y = f(z). 


(iii) Identify the x-intercepts and y-intercept of the graph of y = f(z). 
(iv) Sketch the graph of y = Sa" —2zx +1 clearly labelling the vertex of the parabola, 
along with any intercepts with the x- and y-axes. 


Question 2 [12 Marks] 


(a) Determine an exact solution of the following equations for x: 
(i) 3-* =1 
(ii) 12 + In(1 + 52) = 9 
(Question 2 continues on next page) 
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(b) The change of base formula for evaluating base b logarithms in terms of base a 


logarithms is: 


Use the change of base formula (or otherwise) to evaluate log, 9. 


(c) You make a one-off initial investment of $3000 in a bank account that pays 1.2% 
interest per year, compounded continuously. In general, the amount, A(t), in such 


an account after ¢t years is given by: 
A(t) = Pe™, 
where P is the principal investment and r is the interest rate per year. 


(i) What is the value of the investment after 8 years? 
(ii) How long (in years) will it take for the value of the investment to double? 


(iii) Now assume that at the same time you make another one-off investment of 
$2000 into a different bank account that pays 2% interest per year, compounded 
continuously. Theoretically, how long will it take for the value of both accounts 
to be identically equal, and what will be the corresponding amount in both 


accounts at this time? 


Question 3 {12 Marks] 


(a) In a sports field there is a light pole standing at a point P which is 10 meters away 
from an observer point O on the ground. Let L denote the location of the light on 
the pole. If ZLOP = 30°, how high is the light from the ground? 


(b) Points A and B are separated by a small forest. To find the distance between the 
points, a surveyor uses GPS positioning and from a position C’ in a helicopter he 
measures that ZCAB = 60°. He also measures C'A as 1920 metres and CB as 3012 


metres. Determine the distance between A and B. 
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Question 4 [12 Marks] 


(a) Let A be a 3 x 2 matrix and B be a 2 x 1 matrix defined as follows: 


Find the matrix products AB and BA whenever they are defined; if not defined, 


explain why. 


(b) Consider the matrix equation Ax = b, where 


(i) Use the fact that if 


A= 


b 
i | and |A| #0, then At = — 


to determine the inverse of the matrix A. 


(ii) Solve the equation for x and y explicitly by multiplying both sides of the equa- 
tion Ax = b on the left hand side by the inverse matrix At. 


(c) Consider the following system of linear equations: 


2x + Ay — es 
y- z= 1 
26 + sy + 2 = 3 


(i) Write the above system of equations as an augmented matrix. 


(ii) Reduce the augmented matrix to reduced-row echelon form using appropriate 


row operations. 


(iii) Hence determine if the system is inconsistent, has a unique solution or has 
infinitely many solutions. In the case that there are infinitely many solutions, 
express your solution in terms of one or more parameters. If the solution is 


unique, state the solution explicitly for x, y and z. 
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Question 5 [12 Marks] 


(a) Sketch the region consisting of points in the xy-plane whose coordinates satisfy the 
inequality: 


z-y>tl 


(b) Sketch the region consisting of points in the ry-plane whose coordinates satisfy the 
inequality: 
(ysl) a 


(c) Determine the points of intersection of the curves: 


erytlP = 1 
and x-y = 1. 


(d) Use your solutions for parts (a), (b) and (c) to sketch the region in the xy-plane 


consisting of points whose coordinates satisfy the system of inequalities: 


clearly labelling the vertices of the region. 
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